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Physics. — “Measurements on the capillarity of liguid hydrogen”.
By H. Kameruiven Onnes and H. A, Kuveees. (Communication
N°. 142d from the physical laboratory at Leyden).

(Communicated in the meeling of June 27, 1914).

For the determination of the capillary constant of liquid hydrogen
in contact with its saturated vapour the method of capillary rise was
used. The apparatus are in the main arranged in the manner as used
for other liquid gases in Comm. N°. 18. On plate 1 A of Comm.
™ N°. 1072 may be seen that part of the apparatus’
which serves to condense the gas in the wide
experimental tube (fig. 1), inside which is the capil-
lary ; for this purpose the tube of fig. 1 is sealed

~ -l L %. in at g¢,.
The radii of the sections of the tubes were found
\ by ecalibration with mercury as follows:
/ radius of the capillary inside r = 0.3316 cm
e e ’ outside r, = 0.0801 cm
,» surrounding tube inside R = 0.554 ¢m

b4 3

% Measurement of the capillary rise. The reading
of the ascension gave some trouble as it had to be
made thrcugh a number of glass vessels and baths.
The rige was measured with a cathetometer ; totest
the accuracy of the readings they were taken one
time on a millimetrescale which had been etched

Fig. 1. on the capillary and another time directly on the
scale of the cathetometer. When it was found, that there was no
difference between the heights obtained in the two ways, they were
afterwards only measured by means of the scale of the catheto-
meter, because, when the cryostat was filled with the different liquid
gases, the divisions on the capillary were difficult to distinguish owing
to the rising gas-bubbles in the liguids. ,

Temperature. The temperature was deduced from the pressure of
the vapour in the hydrogen-bath using the vapour-pressure curve
(H. Kamerunen Osves and W. H. Kemsom, Comm. N°. 137d, table
on page 41). '

Observations. The heights measured and the 'mrrespen’ding tem-
peratures of the hydrogen are contained in the following table.
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Repeated measurements show, that the accuracy of the reading of
the rise may be estimated at 0.002.

TABLE L
Temperature in Rise
KELVIN-degrees in cms,

20.40 1.616
18.70 1.794
17.99 1.869
16.16 2.064
14.78 2.209

The observed heights (h) have to be corrected for the carvature
of the surfaces by means of the following formulae : (1) the correction

»
for the meniscus in the narrow tube is 3 ). (2) the correction for

the ring-shaped meniscus is (according to VERsCHAFFELT Coram. N°. 18).
2d

E—r)
A (h + = ) ¥
r (R—r)

“For this correction the height of the ring-shaped meniscus, as the
minor axis of the elliptical section with a meridian plane, is required
to be known. With the illumination used this height could not be
measured accurately. Afterwards for further correction we hope to
be able to determine its value by special measurements: in the
mean time the section was assumed to be circular with sufficient
approximation. The corrected values are given in column 6 of table 11,

When the capillary rise is plotted as a function of the temperature
— fig. 2 —, a straight line is obtained. The constants determined
from this line give the formula

H=— — 01124 7 | 40.44.

This formula gives H =0 for Tfr—o xtrap.= 35.98 K.
Assuming " the critical temperature to be 7% = 31.11 K (mean of

1y mecn, Mée. Cal. Tome X, Supp § ‘5, Paris 1805,
Jid. -, Oeuvres ‘Tome IV, p. 415, Paris' 1845.
Alnax Fi;aavsox, Phil. Mag., p. 128, (6) 28, 1914
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Fig. 2.

Dewar, Onszewskl and BULLE)!) it-is seen, that the formula, as was
to be expected, does not hold up to the critical temperature and
that the curve which gives the dependence of H on the temperature
has its concave side towards the temperature-axis. The difference
Thevextrap.— Tk for hydrogen amounts to

T H=0 extrap.— T = 3.87.

If TH—oextrap.— T3 is divided by the ecritical temperature the

.87
positive value —3——2—1:0.125 is obtained. For methyl-chloride®) and

ethylether®) similar values are obtained *). .
Surface-tension.  From the capillary rise the surface-tension . is
found by means of the following formula:

v ! . 1
H= —————~——~—————~—2¢J (}— — )
(0tig.— ¢wap) g\ R-—r,

The densities for liquid hydrogen are taken from the observations
by H. Kameruiner Onnes and C. A. Crommeriy (Comm. No. 137q).

1) F. Burie. Physik. Zeitschr. p. 860, X1V, 1913,

2y According to measurements by J. VERSCHA¥FFELT; comp. A. v. Erpig,
Comm, N°. 39, p. 14.

5) E. . pE VRigs, Comm. N, 6. )

4) The corresponding figures (deduced, however, from net-corresponding tem-
perature ranges) are 0.038 and 0.017 respectively. :
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For the calculation of the vapour-densities use is made of the second
vivial coefficient, as deduced from the measurements by H. KaMERLINGH

k)
Onnes and W, J. pE Haas (Comm. No. 127¢).
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With these data the values of w, in table I are calculated. Under
O—UC are given the differences between ¥, oy and values of ¥, calcu-
lated from vaN per Waars’ formula '
; Cpe=A(l—0B
‘where ' e :
BN e . , 35
Proceedings Royal Acad. Amsterdam. Vol. XVIL,
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A=15.792
B = 0.9885

From the value found for B it appears, that ¢, as a function of
T is nearly a straight line.

The constant in Eorvos’ formula for hydrogen deviates considerably
from the value 2.12, found by Ramsay angd SwuirLps ') as the average
for a number of normal substances. In Table III the values of kg;
for a few of these substances, together with those for some liquid
gases, are collected. As observed by KameruingE OnnNEs and Kreesom
(note 381 Suppl. No. 23), normal substances form a series in this respect,
on the whole progressing with the critical temperature (although with
deviations which may be ascribed to particularities in the law of
molecular attraction, e.g. with oxygen).

TABLE IIL
Ethylether 2) 2.1716
Benzene ?) 2.1043
Argon3) 2.020
Nitrogen 3) 2.002
Carb.monoxide3)| 1.996
Oxygen 3) 1.917
Hydrogen 1.464

A calculation of the constant £ in EmstEWN’s formula *)

2

dp: —
g — 1 —— Vo3  —k(Aipp—1—RT
[(‘P dT)vh‘l-M Aoty —E )]T=20.83
for hydrogen gives

7.34 x 107
The fact, that hydrogen appears to have a considerably higher
value of %’ than that calculated by Emstiin for benzene, might, in
view of the theory underlying the formula, indicate, that the radius
of molecular action is' larger for hydrogen molecules than for sub- -
stances like benzene.

. b 4 chem. Soc. 63 (1893); ZS. {. physik. Chem. 12 (1893),
2) Rausay and SHiELDS ZS. f. physik. Chem. 12 (1893), 15 (1894).
3) Bary and Doxnaw, Journ, chem. soc. 81 (1902).
4 A. Emverey, Ann, d. Phys. 4. 34, 1911,




